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M I S h5>>=X^$rffll^T«^$nT«ri-5C<!:S:!^» 

mai y - K .h y - K t © tc ifi^j icig^ s ti/t ^ 1 

©PMOS h^>v'X^'*3j:r/|| 1 ©PNi^^t, 

%UJ-YLm^y-vt<r>m\zm.mzmm.-&tx, ssk 
^loPMos h5>>'7>^<hv-xig± • y— hl^± 

mi®/- Hicy-XTiift^sn, *(Ftem2©PMos h 

7 > X ^ <!: y- h l^±7><»i^ ^ tlfe m 3 <D P M O S h 30 

mitem 1 wPNt$^cr)t#tticfe?¥-r^>^ 1 (Dm^ii^xs 
m%?.w. 1 (Dt&tKm^tm 2 © p Njg^wtt i4tcfe??-r-5 

m2©mCEd<Mi<itii|iilHlSSICA:/3U. c:©lli!iJii|SlElgS 
rotB:^$SSfBmit73PMOS h7>>^X:$'©y- h*5d: 
Z/m2©PMOS h7>v?X:$'0'ir- SJCEPJIPL. ftuffi 
^ 1 omji*3 ± r;:^ 2 ©m/Id^BS^ L < Ttt -5 <t ^ »C 

n-i)|g4CDPMOS h7>vX5'i&#L. 

mEmiMmi£$^m^m\i. HutenswPMos h7>>' 

X H U-f > t ftillB^ 4 © P M O S h ^ > vT. K 

(M*ii3] m^m2$m(D&mm.i£f^±mmzi5i,^ 



2 

^4©PMOs h5>->'x^ t y-xi^± • y— hll± 

A^'fltBB 1 (DmiitmmL<tj.:b^Z)izy^—\i/-^-yi; 

Bim-t^mm^^ t^$ibtzM:m'r^:it.^¥tmii-r 

[If*«4l PNtt^©|ii:^|fi]m)E*-€-©SEElcJtfia| 

Lfcm 1 ©moSfitc^^T^^ 1 (Dmrnm^^^t. 

mr^25Si&^;ifcPNlg^©|iS:5(fi]miE©M<£-5-©mEE 

icitfi«j Lfcs 2 ©m«gsic^m-r-5m 2 ©mzi5t^fe[5iss 

miiBmi ©nfiit^^EissiCctoffsnfc^i ©mogat 
H<iHBm 2 ©miiS^^miHissjc J; 0 #enfcm 2 ©mijit«<t 
A^inx itiftm 3 ©meSfiSrmffiic^s-r-smssmjESj 

mItBm 2 ©mSg^^HISti. 

mas y - H <!: S«6 y - K <»: ©B3 ICiSyinr IS ^ ^ n;t ^ 1 

©PMOS h^>z^7.^iij^Zfm 1 ©PNJt-&i:, 

misy- Ktjgifey- K<j:©PBiizia??ijictgi^$n. sfjiB 

ill©PMOS h7>>'X^i:y — X|5l± . y— h|s|± 
*«Si^$nfc||2©PMOS h7>>?X^'. m©ffita 
^Td3J:l/jS§:flM?iJtg^$nAcm 2 © P N}g-&t , 
HfrlBm 1 © P Njt^©4#tt(Cte??-r-2)^ 1 ©mffi*5 

mtm 2 © p NM^©# ttictfe?^-r -sm 2 ©mffAiHift 

if*i[Hi!SicA;'jL. ::©I^S)ifil>i(5i!S®aJ:^^HflfBmi 

©PMOS h7>-^X:$'©y— h*3j:tXm2©PMOS 
h7>v?X:S'©y- HfcHlfiPL. HtitB^ 1 ©m/E*3cfcUJ 

n 2 ©mtLi/mtf L<fj.^ii-^izmm-r^y^ — \'/'<y 

HMlBm 1 ©mSSt^^[Hl?S{i. H^IBB 1 ©PNi^-&43j;o: 

n^tia^^i^xmmzmm^nftm 2 ©«jn:i!i^&# 
t9iBmgsm£^^[EiK8(^. 

mi®y- Kicy-7.;5^jg^$n. irtBm2©PMos h 
^>i^7,i$'ty--hm±Amm$titim3<opMos h 

h5IE^3©PMOS h^>i^X3'© KK><*:»fl6y — 

K t ©Pb1Iw«^$ n;tm?Jgm)EE^^ffl©st^:^^^$•w•r 
^ d t ^*#es<!:-r ^smmjE^±iHi!S. 

filBlli/)ii>li[5]?§is, 

^ y - X /»ii*a/g^ ^ n jt* ^ /it T 2 (1 © N M 

OS ^7>vX^t. 

HUBBMI))t^iti?^S:;iTNMO S h ^ >i^X:$'Ciy-X#^ 

at^^^y- Kit^ifiy- \'t<Dmizt^mtti, y-hiz 



(3) 



i^mW- 1 1-45125 



3 

M ^ 1- ^ S^PmEE^ ilHiSS, 

^mm^ ntzf^ 6 (DP MO S N^>vX^ch. 

mi!?./'- H(cy-X7^<t5;^$n, tstemet^PMos h 

(DPUOS h^>zy7.^t. 

fiuS2ll6(75PMOSh^>f/Xr$7(7)KU<>{cKl/<> 

ButEm 7 CO P MO S h^>>^X5'CD KU-r >tr KUO 
CDNMOS h7>>^X^^<!:. 20 

m^m 7 ] 2 7!?m4 coi^-rni^^^ 1 rg{cis®(^ 

S^pmEESg ± iHl ?S IC I ^ T . 

^ y - X T&^'^iltg^ ^ n^cMlftifiH^* ^;ii:r 2 <@c7) p m 
OS h^>iy:^^ 30 

m^my-b^mm^^-btcDfiwz^im^n. v-h\z 
ti^my-bto^mizmm-^ti. tn^yh^^-i^m^ 

T, 40 

tg^^n. y-h\zmmmi(omE.f)^mu^n^m7(D 

PMOS h^>vX^<h. 

i^^^n, y-hiCHuiB^2<Dm/i;&«EP»n$n^^8<7) 

PMOS h^>'xX^'<i:. 50 



4 

miEll7c7)PMOS h^>vX5'.c^ KUOIC KU<> 

• y-h;:^^Jt^^n. y-X7!)^'Sitiiy- h'(cig^^n;t 

;?)^'S^^n. ButEmi CDNMOS h^>S^X5^<i:y- h 
X^^(h, 

mmy-i'izv-^^tmm^n. HuiEmeopMos h 

^>vX5^^y- Mg±;;;^*J^J^$n/::^9c7)PMOS h 

HfJlB^ 9(0 PMOS h^>f/X37(7)KU"1'>(r KK> 
;!^^*jg)^$n. '!r- h{CHi||Ell2c7)NMOS h^>>?X5' 
OKU^>;:?^*tggc^n;t^3<?)NMOS h^>i^X^$^<h 

m^m 9 ] 2 7!;M 8 (Di^^rtif)^ 1 JB«cia«(^) 

mtim I (Onj£\t. HfrtEHlCDPMOS h^>>?X^^<D 
H >mJET^ 0 . flufEm 2 <om/ElS . 2<DP 
MOS h^>>^X37(7) KU'^>«/ET&'g>Cl<h*#g4<h 

Cif 1 0 ] 2 7!?M 8 Oi/^-rn;^!^ 1 JStClBtg 

(ommmj^^^^^iz^i^^T . 

mt^m I (Dmf£\t. m^m i (oP Ni^^\zmmzmm^ 

2(DmE.it. mBEmi(Di&tKmf-Lm2(DPNm^t(D 
mnmmzmi\{zt^m^tirzm2(Dt&tfim^<D^my- 

m^mi 1] m^m2 7]jms(D\^'^'rnf)^im{zmm 

(D&mmj£^±\B]^iz^i^T. 

mliami <DPMOS h^>vX:^CD KUOchSJIE^ 1 
OPNi*^<hv>,^1i5j:tKHafEm2 0PMOS h^>':/X 

Biffss 1 (Dimti. sliies 1 coPMos h^>>^x^co 

MOS h^>>?Xi5^0 KU<>mJETfe^c:<i:^*#mi 
CigjRJSi 2] ii*^5^fcfi6JctE«<7)S?pmm^ 
BUlEAW 7XS/£<!: LTfluiEm 1 <D'm!£/)mm^tl^ Z 

nmm 1 3 ] is*3S 5 mfz\t 6 iciaea)S2pm/E^ 

m^m 1 4 ] m^m s ^rc\t e izmwicDmmm^m 

- b\z'j-xm^m^n. bizmtimmmmm^cD 
ihtimm^^mm^n^PMos by>z^x^t. miEP 
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MOS h7>xX:5'© KU-f >i:t^ifiy- KttorBllcS 
7>v;^^'i&*<iL..H5EPMOS h^>vX:J'« K 

[Si*« 1 5 ] tt^Jl 7 S fcli 8 lrt2«(DaepS)ES! 

snfePMos h7>>';^^'t. Bni2PMosh7>v 
mte/N'-f T X m/E t /Jc ^ d t Sri^m t -r Sipmrn^!^ 

[Si*^ 1 7 ] ggjRS 3 fHtt(DS*m/E^*IlI!S«Cfe20 
lamm 1 8 ] 1 7 tcgB^OTStjimJEfl^lsISS 

nn^m 2 0 ] is*a 1 8 1 9 \zts.m.<r>mmm 

mUT.^ y'^m=f-\t. PMOS h7>vX^*3j;UtNM 
O S> 5 > X iS' JiJt^^ ^? tlTli ffi^B ^ ck 0 SB®) 
$n€)CMOS b7>X7 7y- tariff 8S<h 

mfStm. 2 2 ] lijR^ 2 7!;M 2 1 <ry\,^-rni)^ 1 Jlictsso 



6 

Vl . ^ -^r -1 -> $ tlT I ■• Z > ^- 1$ tit i f -5 

[IS*J« 2 3 ] 1 7!;M 2 2 CD^^-m*^ 1 mztZ 

m.(r>mmmm%±mmzi6\^^x . ^eic. 

[ii*:«2 4] PN}g-&(Dlll:Slfi]^EE^-E-(D«IEICJt 
moSSfSSrS^T'cPNti^WllSS^liimaW^Sr^ODmffi 

snsBm 1 <Dm.m.^mm^\z^ o ffen^^ i ©mita.!: 

miH|g2«m8iE^^lHimcJ: D?#enfcm2(7)mBitS* . 
[0 0 0 1 ] 

m JE ^ ± [g ?S *5 J; S P m ?i1t % ^ IhI S§ ( CM -r S (7D T , 
[0 0 0 2] 

ntl,iS^flEE^^|Hl?§<i:LTftienTV»-5/N*> K=¥:-^-y 
:7'U7 7l'>X (BGR) [hIS&«. ->Ua>CDA'>H=P 
r-y^ffi (1.205V) .illt^l?Lt.^atpmffi^^^-r^c 

[0 0 0 3] #^^*:Sg(CJgBg$n-S)t¥3l5CD/\-'f 3J^-7 

mvF (D^wmii (iEofas9F,scS:}#o) cD^ffKomm 
[0 0 0 4] a«E. *^<*^st<D^saBE^k75^il^T^»^ 

BGR[HlSS(Dtii:^«EE*^$t) 1 . 2 5 VT-fe-5Jf ^(C 
»i®illiCE(DTEI4 1 . 2 5 V+ aT&oZi. SfoT. 
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2 lit. NPN hy>i^X^^mmLTm^^tirzVt^ 
mi(DB G R tsIgSO«*«^*^To 
[0 0 0 6] m2 1 (r^tel^T. Ql\ Q2 . Q3 fiNP 

V2 =VBE1 -VBE2 =VT • In (I 1 / I 2 ) 

Vref =VBE3 + (R3 /R2 ) vog 

= VBE3 + (R3 /R2 ) VT • In ( I I / I 2 ) 

10 0 0 8] (2) ^<Dmim\tmi- 2mVyx:<DiKm VT=k-TXq 

^S:^t>o;5i^, (2) jS:<Dm2miz^i^^x. mm^vi ^ t-$>o. 

(R3 /R2 ) (k/q) In ( I 1 / I 2 ) 
<Di^^ghm^hz>(DT\ Vref (Di^m9hmmtU^0i *mt. 

k=l. 38X10 -23 J /K 
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*Nh^>>^Xi$'. Rl . R2 , RSfiSta^^, UiH 
ffii^.. VBEl . VBE2 . VBE3 f^HulS h ^ >S-'Xr$'Ql 
. Q2 . Q3 <D^-X' x,^y^^mmi£. Vref JitB 

.[0 0 0 7] h'^>vX^'Ql . Q2 (D4#i4;^^'}B5oTl^ 



(I) 



(2) 



(3) 



(4) 



(5) 



q=l. 6X10-19 C 



(6) 



20 



CO 0 0 9] 



(R3 /R2 ) In ( n 



/I 2 ) =2 3. 2 



(7) 



(2) jR\Z^\^^X. 23t:tC*3l^TVBE3 =G> 
Vref = 0. 6 5 + 0. 6 = 1. 2 
tUO. c:(D{ati'>'jn>(^/\'>K=P'\'^;/yM(l. 205) 

izm^m^i^o 

[0 0 10] LtJ^^U. ±$^Lftm2 1 (DBGRM^{t\h 

^1.2 sv\^T{z-r^ct\tx^tjii.^t\^^vmm}^.y)^'^Q 

[0 0 1 1 ] ^2 2ti, /N'-r4^-^ b^>i^y^i^^mm 
LU^'^xm^:^nrzVt^m 2 (ob g r iHigscos*:^^^ 

I 1 / I 2 = R2 /Rl 

I = I s { e «a VF /k-T) ~ 1 } 
VF » q/k • T= 2 6mV 

^4^. I s \t (js?:&rsi) esfpmgg, vf itmyji^m&x 

40 

VF =VT • In ( I / I s ) 

<Dj:o{zmt>tt^o 

AVF =VF1-VF2=VT • In (N ' 
= VT • In (N • R2 /Rl ) 

[0 0 15] i^m/EVT (io. om\'/x:(DjE(Di^mm^^ 

Vref =VF1+ (R2 /R3 ) AVF 
. avref /3T=0 
tt^^^mzm.isiM^f'RX , R2 , R3 coStadS:^^ 

"T-S). 50 



5 V ... (8) 

♦-r:t-KD2 ch/JStri^^Rl . R2 , R3 ch. CMO 
S h^>i/X^;5^b;^j:^ lf®CDMSiii*i[s]g§DA<i:, 1 

[0 0 12] S5Klliftii«li[E]S§DAco~fjjA:^i::^iy-r 

:^-KD2 cr)-5gy~ H(^aj[EV !> ;i^^A:^$n. VA «h 

VB;^^'^L<;:j:^ (Rl <hR2 (Dmt^<Dnmtm\^<t^ 



"(10) 



(9) 



(II) 



[0 0 1 3] ^(11) ^(10)*<^)-l^lSltgT^. 



[0 0 14] dCT, 
I I / I 2 ) 



•••(l2) 



(13) 



Jf^, -^f. ^'''f >j--KDl <DliS:^ffi]aEEVFn«U-2mV 



(14) 
(15) 



[0 0 16] -fiSJt LT, N= 1 
OOkQ. R3 =6 0 k Qct-r-Sxf: 



, Rl =R2 =6 

AVF \tmin.it 
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Vref = VFI+ 1 0 • A VF = 1 . 

[0 0 17] z.-:^ymAim2(Dm^h. mv^LfzWM&li 

[0018] 

[0 0 19] :^^B^\t±$i(Dr^m!Ss^m^^r^<u^ti 

[0 0 2 0] 

(DmiMmiz^^r^rnKDmi^i^miBi^iL. mffis?^^ 
m^fz p Nm'^<Dmyj\^mf£(Dm^'t(Dm&^z]tm Ltz 
m2(Dmmm\z^mr^m2(omiM^ts^m^t. ntimm 

1 (DM^M^m^Bimiz^om'bnrzm I (DMi^Lm^mt^m 

2 (omm^^^^^z^ 0 tfbti/zn 2 (DmiMmtT^mx 

chi^:Riib, ms.FN^'^&.^cDmmm'F-hi.xu i s 
h^yz^T.^^mi^^xm^^nx^^^zii^^mt'T 

[0 0 2 1] ^fz. :^^m(Dmmmm^±\Bimt. pn 
ts^<Dm:^\^mj£^'t<Dmmz\tm i^fzm i (^miMm^z 
^mr^mi(Dmm^^\B\9&t. mM^m'^^^rzPN 
m'^(om:^\^m!£<Dmi:^(Dmj£izitmLrzm 2 (Dmm 
m\z^Wi'r^^ 2 (Dmmmmi^^L. m^micomiM^ 
miBimz^K^m'btirzm 1 (Dm^^imtmmm2<Dmm^ 

gS<h^*«L. mSSPNS^a^tcDggiS^^chLTM I 
[0 0 2 2] ±a2b;^c:cfc^(C, *5gB^-t:(i, 

p N ic 43 tt ^ Iii:^rfi]mffi43 cfc D^-^ (D^ ^mffi^ft 

oisi9&(D^m^tLxo:)^mM^y)m i s h^>zy7.^ 
f)^^u^tzii>. mik^^mn. m?igm/±5o 
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2 5V -(16) 
^^[El!S<7)ifeT ^ C M O S coSigy D -fe X T^^fiET -5 ;i 

[0 0 2 3] 

%4(Hlg§CDS*^fiX^^LTli^o SIIC^dV^T, 1 1 
{^PNg^(Z)lll:^f^mEES:-^<7)«/±lCj:b«?iJL/i^ 1 (om 

mm\z^wr^^i(r>mm^m^^. 12^1^7^?^^^ 
^^Afc pn\^'^<Dmi5\p\mj£(Dm^'t<Dnj£\zitm Lfz 
m2(omhtm\zm^r^m2(Dm^M^m{Bi^. i3\tm 
tarn 1 omsg^^iHiK 1 i\z^r)^^^p,rirzmi(Dmmm 
tmim2(Dmm^m\Bi&i 2\zj:om^tirzm2(Dm 
i^mt^im^xms (DmikM'^n^m^Mijuwm^. 1 4 
iiHuiBm3(Dm?iita^ffimic^^-r^m?i£a/±^^iH]i?s 

OS h^>i^xi^f)m^^^nxmjs.^tix^^^. -a 
{z. mi<Dmmmf±m±\B\m(Dmi(om^<Dmm^mm 

[0 0 2 4] <mmm 1 > 2 4 ) 
m2\t. mi<Dmmmm^^\B}^<Dmi(Dmm(Dmm\z 
m2\z:h\.^x. mi^om2(DmiM^ 

^mm/-}" (vDDy-K) ti^^m&yss/j^^^^bn 
•i>igitfey*-K (vssy-K) t(Dmizm.m{zt§ti^^tirz 

m KDPMOS h^>i^7.^P\:^^Zfmi (DPNg^-g- 

tcB^ijicj^^^n, tstsm 1 cDPMos h^>>^x^ p 

1 <hV-X[^± • y-Mll±;0ng^$n;^c^2COPMO 

m^mm^ntzm 2 (DPNt^^ (y'f:t~K) d2^. 

VDDy- \^\Z^J-7s^mm^tl. m$^^2<DPUOS h 

^>i^x^p2 ^:y-bm±f)mm^tirzm3(DPMo 

Sh^>>?X^P3 mfISm 1 CDPNt^'&D 1 <7)*#tt 
icflc^-r^mi.coaJEVA :feci:LF:BfjtB|gl<DS6i^^R 
1 im2c7)PN»^D2C^*#tt{lfife?¥-r^m2 0«/£V 

B *^^iftiitslEi?SDAi (wA^jL. c:c?:)^ii!ii@*iiEig8D 

Al C7)ffi;b^mit2miCDPMOS h^>>^X:$'Pl (D^ 
— h4Dcfct/|g2(OPMOS h^>>?X5'P2 c^y- hiC 
HIUPU, HifgBlll <omi±VA :fecfctKm2(7)m/3EVB 

[0 0 2 5] mi ^(om 1 com?iit'^^[E]ss 1 1 ic?^^&-r 
n^^4opMos i-^>-:/x^P4 x$>^o :^mx 

\t. m4(DPUOS hy>zy7s^P4 (DY-blzmiO) 

co-0ij<hLT, vDDy- h'tvssy- \^ t<Dmizm,mz 



(7) 



m^W- 11-45125 



11 

A2 (Dihi3^mmm5(DPMos h^>>?x37P5 coy 

;!^^mfSm l.c^mEE VA L < /ji-S J: "3 IC 7 - K A-y 
^ ^fJ 15) -r ^ S»J ® iHl SS ^ ^ I i T I. o 

[0 0 2 6] mi^(Dmm,mw^^i atc^ns-r^Hs^j^io 

BUt£m4(DPMOS h7>S^X5^P4 (?)Kk'1'><i:S:S 

[0 0 2 7 ] mi ^<Dmikmi£^^\B\^ i 4 ic*4is-r^ 
gB5^fi. Hf)feii3(7)PMos h^>v7.^P3 itstem 

4<DPMOS h^>zyX^P4 (D \^ U > ^Mt^m y 
VA =VB 

11=12 

VA =VFI 
VB =VF2+AVF1 
AVF =AVFi-AVF2 



12 

iC{iJ:^Sffi mmmBE) Vref T&ntbn-So 

x:$^pi -PS (o-^-i xitmL^^^hoyt-r^. sa 
leBK^mjEVA tLTftntsmoPMos h^>>?x 

r$^Pl <DFU-r >mi£7!?^®0ffi$n. mflSll2<7)«EEV 
B (^LTHutB|g2<7)PMOS h9>i^7.iS^P2 <OKU-f 

[0 0 2 9] 02<7)S2pSf£^^lHlffi«C4=5(r^T. VFK 
V¥2[ty-r:t'-\'D\ . D2 C0)il:^r^mEE. 11.12 
, 13,14, 15 tiPMOS h^>i^>^yP \ — P5 

[ 0 0 3 0 ] MlftiililHlSSD A 1 {r J: 0 



20 



•-(17) 
•••(18) 



(19) 



•••(20) 

Mlftii*i[ElSSDA2 tCctO 
•••(21) 



11=12 =A VF /Rl 
i/cC^o ★★[0 0 3 1 ] 

VC =VA 

I 5 =VC /'R3 =VA /R3 =A VF1/R3 ••(22) 

[0 0 3 2] PUOb r^>zy7.^P\ -PS 
13=12 



14=15 



-(23) 
- (24) 



Vref =R2 (14+13) 

= R2 { (VF1/R3 ) + (AVF /Rl ) } 
= (R2 /R3 ) {VF1+ (R3 /Rl ) AVF } 
Z,CX\ R3 tR\ (Dlt^y ref <D^^m&LWiif)m\^^ J: ♦Q. R2 = 3 0 0 kQ, 

-Diznmr^o ^fz. Vref (DU^)l\tR2 tR2 <Dtt ¥ [^(DMmt I 



•••(25) 

R3 = 6 0 0 k Q(Om^. A V 
1 0 0)^^^- KDl *$ct 



iCJ:DtilSmig.m/±VDDf^Tg*lClS^T#^. 'iO JJiD2(Dm.f£(DmtU^o i-^T, 

[0 0 3 3] -fillihLT. N=10e, Rl =60k^ 

Vref = (VF1+ 1 0 • AVF ) /2 = 0. 6 2 5 V 



(26) 



CCDUi^^mEEVref tl, 1^ 2 2 ^#03 lTbuSE L/rfit^fe 
fifij2(DBGRlElSS(^ai;^mEEVref (^(16)) ^ 2 Tf y 
o/bt)(DH7i^o 5C(16)T^fe$n^ffi:^m)IVref H 

[0 0 3 4] ^bT, mi&mf£'S^^m(D&tKm^R2 (d 



\z. R2 ^R3 (T^^^^cDfitiT'Si. lht^mE,^^v^ . 
VB , VC lri5lMI^;^j:D. PMO S h ^ >i>'7.37 P 1 
'-P3 $:ffitr^fc;^U> h^^~[Hl»S<hP.MOS h^>v 

x^P4 , P5 ^mi^fztiuy h ^ y-^mu. 
[0 0 3 5] ±,%zmx\t. mm^'^t^Ki^<-^^tz^. 

PUOS h^>i^7s^P\ -Pd <D'^-( x^mctLfz 
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[0 0 3 6] m3\t. 0 2 4»CD^aig«i!Elg8DAl , D 
U > K ^ ^ - ft ??f iHl ^ W T ^ C M O S H KiiifilplK ^ 
X 5^ T S 1 1 T if *S t" ^ t> <D T ^ o 

[0 0 3 7 ] m3{z^^rmmm^\Bimt. #y-x/?^'* 
x^^Ni . N2 mmmmmmmt^rNMosh^^o 

[0 0 3 8] Hl-^, VDDy- K«CV-X;&^S^$n, Y 

±m^m^nrcm7 (DPMo s h^>i^x9 PI t. tfi 

0NMO.S h^VixX^'Nl HMieHTcDPMOS h 

"^yvTs^pi (D\^\y^ >\z]^\^<ym^m.^n. 

X^N2 eh, H^fE^l (DNMOS h^>S;X5'Nl 
ZSW,2(DNUOS h^>>?X^N2 OV-X^ilJgS^y 

mEEVR7&^EniJD^n'i)^msftasffl<^^3<7)NMos 30 

[0 0 3 9] 0 3 tC.T^-rM©jJii|l[Hl?S^<^^ L/z^^. 

lHlgS^«s:<7)maSS/EVDDC0TKVDDMIN i^^x.T-^-So 
[0 0 4 0] lliftii*i[ElJSc^S-h^>i/X^^7&^EeSl^Si 

mzxhmi£y\M^X'DT\.^^h'7>V7.9N\ , N2 

isi). ^Ki^*^/j:TNMOS h^>>^X5'Nl , N2 c^V 
-X^iiltS^y- KO^fiVS fiVIN-VTNSTJf^± 

NMOSh^>vX^Nl C7) KU-om&T*-!) 
VI <hNMOS h^>vX57N2 OKU-r>®f4 (tb:;'? 
m/dE) VOUT (iVS ^TU;!?^T7:>^^C<i:;:^^T'#^i:0^o 

[0 0 4 1 ] SE-^T, PMos h^>i^7.if(Dmm^y 
TP (vTPtaft(7)fi) (h-r-^c^:. mm.mj±vmt^v^ + i 

VTPI eti/ctl^i:, PMOS h^>vX5'Ji^>-r'5C:50 
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[0 0 4 2] ±tz. mm^^\B\^(D^timj±ymii^^'- 

KmEEVFIfiilTTtilHlgS^ft: (StP^/±^^[slgS) iilft 

[0 0 4 3] VINIlVFl^f^ALTVDDMIN 
(i:> fijf^^fl^ti. VTN<VFlT*t). 
VTN<VTP<7)S^. VDDMIN =VF1-VTN+ |VTP| 
VTN^VTPCOS^, VDDMIN =VFI 

[0 0 4 4] Hi^. m3{Z7^^m9)]^^m^^i^mi.rz 
vY(Dm<Dm.i£^^t\^t\^(Dnmzitm\^tzni&\zm 

[0 0 4 5] dc^^^. h^.>>^X^co|igfl;:i:<i: CD DIS 
(CcfcOmz^^miBEOTK VDDMIN ^r^-T :t- VF 

0.8V) {4^Tia':5'tt'E>c:ch7!?tpl*gic>i'5, SE^t. 
i&nj±.mY^^'Z^mt't^'=^m^{^^m\zm.m^^ c iiT^^^pj 

figrCTi^o CC^^dchti. Se5R<7)BGRlHlgSTli, 

X H ffl ^ ^ A T t> m as m BE CD T IE V DDM I N * 
^1. 2 5 VJ^TlCT#7i:3i^-^;tc<h<5:jt^TJffii6TW 

[0 0 4 6] 04(1, gl2 4'OMi*i§'|ig[HlSSDAl . D 

A2 (7)efiJ2 ^^fo C(?DMiiJi'|JitHlS§H, PMOSMIft 

[0 0 4 7] mA\z^.'rmmm^^n\t. ^^-^.t^^ 
mi^^-^ntz,m$hm^n^wr2mo:>puos v^>v 
x^'P^K P42(h, mm^mm^ti^wtpuosv^y 
>z^x^P4\. P42cov-x^iaj^^y-H<h«igy- 

$n-5^m?;fLagfflPMos h^>vx5'P40<!:, soib^ 

Wt^*i^^^?^ctt"PMOS h^>>^X5'P4L P42(?DhM/ 

^yti^my-i'to^r^vznmtLxtBm^ti. 

h^^-Ji^^$n^c2^1cDNMOS h^>'>'X3^N4K 

N42i:^aeT^o 

[0 0 4 8] ip^., vDDy- Ki-y-XT^^q^gg^ti, y 
- McA'-r7xm/EvR27&tH]»p$n^^m?j?£ii?,^oPM 

OS h^>vXi$'P40(h, WfSPMOS h^^v^XiJ'P 
40cOKU^>iCV-X;;^qg^^tl, h(ZflfjEmJ±V 
A :^iEpj[lD^n^PMOS h^>>^Xi$'P4I<h. fluSSPM 
OS h^>vXi$'P40cO >«CV-X/?^fl^J^$n. 

y-hizm$imf£v^ f)^mu^ri^PMos hy>i^x 

^P4Zt. miffiPMOS h^>'>'X^P42cO KUOil 
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tSM^n/iNMOS h^>v7.37N42<h, VDDZ-KIC 

tSPMOS K^>>^X:^P43CD K U<>{r KU-T >;:>^'S 
^^n, h{CfluffiNMOS>^>>?Xr$'N42<^ KU 

^ ytmrn-^ntzUMos h^>>^x^'N43«h*ft«'rio 

-So 

[0 0 4 9] I^4Jc^-rMSiii>tiiHi?S^^^L;t^^o 
111088(0 + A ^7SS, -A:tlSSHti|p|i;A:^m/£VIN7:»«B3 

[0 0 5 0] y\'<7Am/£VR2;0^*<^'- hlCAoTl^-S h 
^>':/X:$^P40ti^li»gi!i<hUTffl!i#. Mlftif^ilHlgSa) 
m r;lE ^ ^ ^ t c A m EE V I N t:;^* A T t ^ ^ h ^ > X 
^P4K P42^Effil^»jf^^-d:, ^(OifiHS^^tf ^SS 
t^rT-So 20 

[0 0 5 1 ] :i<Drzisb. PMOS K^>vX^^P41<7) K 
l/OSfiVD tSVIN+ IVTPI ^TT;i«-2)o VINTi^^y 
- MCAoT^^^PMOS h^>>^X37P41. P42liffi 
J^mEEVDD75^VIN+ IVTPI t^±;^cj:t^ t :t >T#^CO^o 

[0 0 5 2 ] ^fc. PMOS h^>vX^P41, P42<0 
V-X*ajg^y- K(7)mi4^VD, NMOS h^>>? 
XiJ'NMlOKU-rvSfi^Vl T^^-ri:, VI <VD 

:/)^r:> VI < VTNT/ci:i.^<i:, NMO S h ^>i^X:$^N 
4K N42?i>^^>L/ci:l^^o 

[0 0 5 3] €£-dT, Kf^^^tl. 30 
VF1+ jVTPj >VTN 
VDDMIN =VFI+ IVTPl 

[0 0 5 4] 'Aiz. :^mm<DmmmB^m^\Bi&<Dm 2 <d 
<^mm2> ms) 

[0 0 5 5 ] ms^z^i^^x. mi^(Dm2(Dmm^i^m 

SSI 2\zti^^-r^^^ltt. VDDy- HtVSSy- K<h<7)^o 

mizmmizmm^ tirzm 1 opmos h^>iy7.^p\ 
^DctD^'^i (OPNig^Di vDDy " Hch vssy- K 
t<Dmizmmzt^f^'^ti. hoie^icopmos h^>>^ 
7.^p\ t'>^-xm± ' •y-hm±^^m^^^tircm2(D 

PMOS h^>>?X37P2 . micOjgfii^^Rl ^^Zf 

(N) mmmm^nrzm2<DPNt^^D2 m 
ie^KopNi^'&Di <Dt^i±izi&^'r^mi(Dmf£VA 
43ctCJfm2(OPNj^^D2 (Dnmz^^'r^m2(Dmj£ 
VB ;{>^'MKjii*ilHl^DA 1 iz AtiL. ccommm^^^ 
DAl(0£tS:^l<&HlJie^lOPMOS h^>vX^Pl (^50 
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y-h^^lfm2(DPMOS h^>>^Xr$'P2 co^r— h 
II L < cfc -5 izmm-r^ y^- K/N* ^> ^7 SfllStHlKT* 

[0 0 5 6] 01 ^(omi (Dmi^i^m:\Bi^ 1 1 {i^t^/s^r 

^^^U. B3iemi<OPN}g'&Dl:fed:LN'BljtS^l CDS 
fitl^^Rl <5:ll2<OPN}g^D2 <h<OB^iJ[ElSS{C-en-? 

mm^i.Tmm\zmm^nfzm2<Di&tfim^R4 . r2 
[ 0 0 5 7 ] s 1 ^(DM^imn^^ 1 3 tc^jES-r-ssfs^i^ 

ti. m^mi<7)iS,tnm^R\ \Zf^2(DtS.tfimTR2 

m-r^m^it. vDD/~Ktcy-x7i^^gigg$n, m^m 

2(0PMOS h^>>^Xi$^P2 <i:y-hl?l±7!^«}^gS$n 
;tB3C0PMOS h^>f/X^P3 C10^3(DPM 
OS h^>i^X^P3 OKUOiVSSy— K<hCDFa1tC 

[0 0 5 8] I^TcOlttBJT'tS. PMOS h^>z^ 

X:^PI -P3 <01f^Xti^Ll^=bO(hT'5o mtz. m 

I c^mEEVA (i. H^aBmi ODPMOS h^>>^X^'Pl 

coKuomjET&^^oati^n. m2<7)m£EVB li, flfrta 

II 2 CD PMOS h^>vX3'P2 (D H Urf >mm;!?^lJO 
[0 0 5 9] VA <hVB \t^h\zmmm^^^DA\ {Z 

i^Ts^pi -P3 (oy- htc^Aen. 

VA =VB 

^U^<i:oy-c—\^/'<y^mn^tl^o PMOSh^> 

s/x^pi -PS \ty-hf)^^mT'$>^(PT\ 

11=12=13 

[0 0 6 0] CCX\ 
R2 =R4 

IIA = I 2A 
lie = I 2B 
VA =VFI 
VB =VF2+AVF1 

AVF =AVFI-AVF2 

I2A=AVF1/R1 

I 28= VFIXR2 

12 = I 28+ I 2A=VF1XR2 + A VF /Rl 

Vref =R3 • I 3 = R3 • I 2 

= R3 { (VFI/R2 ) + (AVFI/Rl ) 1 

= (R3 /R2 ) {VF1+ (R2 /Rl ) AVF 1 

[0 0 6 1 ] m5(Dmmn^%^\3iiiiz^^^xh. vre 
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[0 0 6 2] ±$mimm 2 (D^m\t. mtmi&rn i <d\bi 
<mmm3> m6) 

[0 0 6 3] m6\z^.Tmmmj£^^^mt. msom 

ia^2(DmJEVB tCf^ATv BuieU 1 CDJSSi^^R 1 t 

[0 0 6 4] c<Dmmmj£m^^m(DW}i¥mmit. 1^520 

♦i[Hl?SD A 1 OA^'JVA', VB tl. VA . VB ^^S,tn^ - 
fiJL/zt><^T'*^o VA =VB ' cOth^VA =VB <h?'j: 
CC^a^, Maii*S(HlSSDA 1 OA;^mEVIN^V 

mmcDTEVDDMIN ;!?^M»ili*i[Elg&DA 1 Ti^^oTl^ 
-Sch-rntf, A;^jmi±VIN*Ttf;t5:^fcttVDDMIN 
tf^c:i:;!?^'T'^^o L/)^L. VA\ VB'^^OTtfii^ 
-gxh, VA , VB {Cjrb^TVA'. VW (DM^^^m L < 

[0 0 6 0 j <mmm4> m?) 
m7\t. m5<Dmmnf£^^m^^^mLrzm2^^L 
Tii-s>, m? iz^rmmmmm^mmt. ms<Dmmm 

BEm^m^Lit^X. m^mi<OPUOS hy>i^X^ 
PI O K U-r><hButem 1 OPNg^Dl ^cDrBl43ci:LK 
f)seS2C0PMOS h^>vX^P2 <7)KK><hmjlE 

$nfcm3c^f£5x^TR5 ^^btC^U, SaiS^KT)® 
mVA {Cf^;^TButeil 1 (DP MO S h'y>i^Xi^P\ CD 
KU-r>mffiVA\ BijSHm2CDmi±VB iCftxTSutSm^o 
2CDPMOS h^>vX5^P2 COKU-f >I|/£VB*;:»«® 

tm-t^n^nLx\^^^o 

[0 0 6 6] z:(Dmmmf£^^\3im(DW}i^mm\tmmm 

2 chl^UT^^/;^'. MiftifitiKEJ^D Al (DXf}Vk\ V 
B (i. VA , VB ^Om<U^o ^fz. VA'=VK(D 
VA =VB tU^o dcD^^, ^Siii*i(fiI?SDAl 
(DXtim!£^V?]i:K}±^f^Ctf)^X^^<DX\ hL. 

vw>v¥\(D^xhm3iz^Lrzmmm^\Hi^^mmr 
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[0 0 6 7] <||igpiJ 5 -*SS0iJ 9 > 8 -13 1 2 ) 
VRl$>^V^(iVR2<hLT, S^m/i^^lHlSSrtComiES: 

[0 0 6 8] msiz^r^mmfE^^^^ (mmms) 

(i, 0 5<7)S¥mJE^^(Hl^{C^t^'5Mii!iii'tilHlg§DA 

1 tLxms^^mLxmr^Lrzmmi^miBim^^m^'^^ 

^^iHlgSchlt-CT. A'<7xm/EVRI<!:bTmftB|glcO 

<7)T0 5 4» |W| L T V ^ . 
[0 0 6 9] 09 iC^f SiP^EESS^lHlK (IIJ£fi?y 6 ) 

\t. m3<Dmmmj£^^{Bi^\z^i,i^mmm^\Bi^DA 

^^iHlSSrhit^T, A'<7;^m/EVRl<!:UTmrjg®/E^ 

mtmcx$>^<oxm5^hm-'nn^i^Lxi.^^o 
[0 0 7 0] 010 iz^-r&mmE.^^^^ mmm 

7) \t. mscDmmm.E.^^^^iz^^'f^mmmmiBi^ 
DAI ^Lxms^^mLxmmi'fzmmmmiBis&^m 

m/E^^iHigsiitb-^T. /\'<7xmffvRi^^^-r^/i 

m\:^x$>^(Dxms^tm-i^mHLx\^^^o 

[0 0 7 1 ] ±fB/^W TX[E]gg{^, VDDy— Kfcy^X 

/E75^Enj[jp$>i^PMos h^>>^Xi$'Pio^> SiitaPM 
OS h^>v;^:$^Pioo hi^'f ><*: vssy— \^ ^icomiz 
t^m-^ti. I'u-^ > ' y-hm^m^m^tifzi^Mos 
h^>>?xi$'Nio<h^m<iu, mmpuos h^>z^x 

9 P lOO K K >mff;&WB/N*'< 7xmm VRl ch^c-So 

[ 0 0 7 2 ] 0 1 1 tc^TS^pmEE^g^iEigs mmm 

8) ti, 0 5CDaipm/±^^[HlSS(C:fctt^^Sjlfr|iiInJg§ 
DAI chLT0.4 ^#KL.TmjaiL;^MKiii|llHlSS;:?^'ffl 
l^^tlTl^'5«^{Cjgffl$n'g>t>OT'»0, 05COS* 

mCEfg^lHlg§<l:l:b'^T. AW 7X^/1 VR2 LTflfE^ 

c^ffefi 1^ U T & -5 OT'0 5 4j <»: — * L T I ^ 

-So 

[ 0 0 7 3 ] 0 1 2 (i^-rstpmoE^^sss (iiM^ij 

9) fi, 0 5c7)S£pmEE^^[Di|^lc;fett^MiiiitilElgS 
DAI chbT0 4 «:#raL.xWaib/S:Miii8*ilHlK;:»«ffl 

i^'E>nTii^^-&tcif ffl$n-5=bc7)-u*o. 05(Dsep 
mffi^^iHigSchit'^T. n^T7.ns.\'^i^^^-t^tz 
dicDAW 7X[Hi?sw^jja$nTi>^;:>Wcf o , -^(Dftati 

|W| U T >5 (?) T 0 5 4^ |H| - ^ ^ L T ^ -5 o 
[0 0 7 4] ±ffiA'<7X[HlS8ti, VDDy-KiCV-X 
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S h7>x7.:$'P12<!:. MIBPMOS h 7 >->*7.:5' P 12 
0) h*U'f ><i:VSSy-K<i:®|B1lc»gS$n. y-Mcfll} 

SdS? i COmi£ V A /j'JSIJjn $ tl S N M O S h ^ i' X 5' N 

[0 0 7 5} ±iBbfcS8~@l 2 tC:Sl>fcJ:'5l3, S 
ipmQE^4[sISSF^Wl|ffi^:^i!)ii*i[Hl?§DAl COAWT 

ffiVDD(CJ:f,-r, -^©?HgmSg<h/j:?>. to 
[0 0 7 6] 'A\Z. *%W<OS*mBE^±0!S©m3» 

<3ligfi»J6> (SI 3~S1 5) 
tn:3g?R2a*J±(yf|l2©ffitt^^R3a75i. Vref , VC 
(0 0 7 7] 013 <DmmmS.f^±^Wt. ffifiifi. jg 

ioai-r::t^^-sjmizfj.i,. 

[0078] 014 tt. 11113 4'CD?tfcwm)E 

±ss.-^mummmE.^^m<ni&tfimf-RZa^rzitm 2 © 

U^, EP*,. iS?USeg3nfc?S^ISCDjgtii«^R14I ~ 
R14n KS;tfi'>;Jc< <t t> 1 OW^ffiy- H 

-f-y^^^tLT. PMOS h7>v'7.^i:NMOS h 

^yi^x^Amm^m-^txTmmmmz^Dmwi^ix^ 

CMOS h7>X7T'5^— hTGl ~TGn *<ffltr>e>n 
[0 0 7 9] m2cDj£Jr[^^R3al30t>Tli, 

t)T#«). 015ti. ;iWh'J 5 >i^pIfi;5£m2 0fiiJi 

^^RSaro^itW-CT^^L-Tti^o BP*.. ia?'Jt^l^$ 

tifca^<i(7)SjH^?Ri5i~Ri5ii ro-en-?nicM3?iJ '•o 

[0 0 8 0] 'A\z. :^mm<D^mmf±m±^i&<^f^4<D 
<mmm 1 1 > (gii e > 

Eieti. m4<Dmm(ommizm^mmms.^±^^<D 

[ 0 0 8 1 ] @ 1 6 ICS^-r»2P«ff ^^lElKtl. 0 5 ~ 

mi 2<&#HaLTWa!L/i3lig0^J2~||;^0iJ9(DS?pm 
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T. ia?'Jt*^$nfc^a(l(DSta^^R141 ~R14n ^ 
t<Drmz:^'f -y'^m^TC] ~TGn Amt^^tlTl^^ 

^A'^/'i: . m n i= i [s; - ■mxi':^m- -r^^ * m l t- ^ 

•5. EPt, 0 1 6 IC^.-rS?Pm/£^ilHlSST'li. itt^Hg 
i^^fn/ilt^eotgfii^^RHl ~R14n <D-$gy-K 

m3 0f^Jg(DJg«g««^tl^fil<DCMOS K7>7>7t 
[0 0 8 2] <*JS« 1 2 > (H 1 7 ) 

^mr^. m5<Dmm<Dmmz^.^mmm&^±mK 

iz^^^mmna^^m^iiit^x. mi 7ic^rj:^ 
\z, ^mmi£^mmnt)mscm.m^it3m) ^tten 
T*5 0, &awm?jsm/±^j^i2i?§w^?gf75^5i-gi$nTti 

[0 0 8 3] cOT«ifiKicj;n«, ^m<DmmmEE^mm 

mfimflE^MlslgS^mi^^K);^; ;^iCi<l A S t Sfd: -5 J; 

[0 0 8 4] -^iz. ^mm<r>mmmi£§^±\Bi^<DfS6 0) 
<mmm 1 3 > (0 1 s ) 

m6roiissoj^§iic^^s*fmm^3feiEis§fi. 0 la 
1 2 ^w^mLrmmLtzm 2 (Dmm(ommiz%^mmm 

l£^±^i&ttt^T, K/N*'yi?©J»lfiIgS (MiAti 

"tsiHigSDAi) (o^m^m±-r^ttist>iz. mi stc^r 

<tT(C, miwmCEVA CDUOfiiLy- KtJgHfey— K 

toPal. flSteilKiJiitsiHiKDAi KtvDDy 
- Kiwratl-5-n-?-'n*lJ£:L.T=<^-^/1->^'Cl , C2 *i 

!i!:^Wizmurmm$rii:^^^zt^<i^mt-r^i>(r>X'Sb 
0. m5^tm-^^^z^im-n^'tnLT^^'>^, 

^*[sl?SlC?4 U T t) 4^ -V /t -5 C <?: 

[0 0 8 5] *^?^(D«?pl|Jl£^^[Hl!S«m 7 © 

<lliS0il 1 4> (0 1 9) 

^7 W||Sgrofl?^.ll9^^Sfpmffi^^lHlS§(i, 0 5~0 

1 2'k^mvTwim\^tim2(DM^<r>mm\zf^^^mmn. 
m^±m^t\t^x. 01 9ics^-rj;3Jc. HtjtEMftis 

>tS(HlSSDAl ©ttJ^'jy- Htl^lfi/- HiroPellc. flfite 
■t ^ttib<r>7.9 — h7>:/fflroNMOS h7>vX^N 
n-5>'1'7-^>'J-fe hff^PONA<EnJ)D^5n-5C<t«: 
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to 0 8 6 ] ±IBX^- \-7yymO)NMOS hy>z^ 

NMOS h^y^JT.^^WLM^Z.Lt^X^^o 
to 0 8 7] $e>lC, ±IBS^SS0iJ{SStpmEE%*(HlSS 

to 0 8 8] IP*.. mA,\im2^(Dmm,m^£^^mm.ifi 

MOS h^>>^X^S'P3 CO KU-r >;i^^:,m?igai;'J7&^^§b 
to 0 8 9] ^Tz. mX\tm2 Q\Z7r^'^^o\Z. Mb^ 

U>h^-5^-[Hl?SCM^^>LTS?pmffiI ref ^^tf -SJ: 
PMO S hyyiyX^PZ <D K U-f >i: VSS/- K^:0 

Mos h'pyv7s^\ztiX^>h^'7-ikm^nrcNuo 

^^\Z^\.^X\t. AL'&Vtz^olZPUOS h'^yzyT.^ 

I^OS^pmrllE I ref ^n^^tt^X^^. 30 
CO 0 9 0] 

(DT^mt^EcDmmz^y) . Si®mGE<^TKVDDMIN 
tiaSOS!#>ilttBj] 40 

m5] mi<DmmmEE^^j^K(Dm2(Dmm(Dmmiz 



22 

[137] ms<Dmmm^^±\siK^^mLrcm2^7jkr 

[Ills ] mzo^f^nnL^s:,^mvi^i}-)^mmmmu^]iS 

So 

[0 9] m5<DmmmE.^^\Bimz^\f^mmm^\3i^ 
mm!£^±m^m(Dm!£^m^^^M:»m2 ^7Rr\Bi^ 
[010] 0 5(7)a^mEE^*[Hii?S{c:fotj'^^iiit*iCHi 

[011] m5(D&mm&m^^mz^i.i^m§)}m^^ 

0O 

[012] mb(ommmj£^±\B\m\z^i^^m&mm\Bi 

[1^1 3] 01(DS2pmjE^±[HlKc^^3<^||JS(DJ^M 

^^-rEHig§0o 

[0 14] 01 3.4'(DffiSC0«.QEU-S;U^^j5X^^;^fJg 

[0 1 5 ] hv ^ y^-^mum 2 (Dt&tnm=f-<Dmj^<D~ 

[016] 01 (D&mmj±m^\Bi^(Dm 4 (Dmm<Dmm 

i.z^.^mmmj£m±m^(D-m^^'r\B\^mo 
[0 17] mi(Dmmm}±m±^^(Dmscomm(Dmm 

iz9k^m'mnf£^±\Bi^(D—M^fri'r\Bimmo 
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